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Absorption r e f r i g e r a t i o n  systems a r e  
one of the o l d e s t  systems a v a i l a b l e .  The 
fundamentals of absorption ref  r i g e r a t i o n  
were formulated about 1777, and the  f i r s t  
successful  absorption machine was developed 
i n  1850 [ I ] .  The f i r s t  U.S. p a t e n t  f o r  an  
absorption r e f r i g e r a t i o n  system was issued 
i n  1860[1]. Absorption systems can use 
many d i f f e r e n t  hea t  sources t o  produce the  
ref  r i g e r a t i o n  e f fec t :  n a t u r a l  gas, steam, 
s o l a r ,  and o i l .  
While absorption systems were popular  
i n  t h e  U.S. i n  t h e  e a r l y  p a r t  of t h e  20 t h  
century, t h e i r  use dec l ined  i n  the  mid 
twentieth century f o r  s e v e r a l  reasons: (1) 
increased r e l i a b i l i t y  of vapor compression 
systems, (2) dropping e l e c t r i c  p r i c e s  ( i n  
r e a l  do1 l a r s ) ,  and (3) rapid1 y increas ing 
gas prices.  
In  recent  years ,  the re  has been a 
resurgence of i n t e r e s t  i n  absorption 
ref  r i g e r a t i o n  and cooling. Natural  gas 
p r i c e s  have moderated whi le  e l e c t r i c  p r i c e s  
continue t o  r i se .  The r e l i a b i l i t y  and 
performance of absorpt ion systems have been 
s u b s t a n t i a l  1 y improved wi th  new technology 
from Japan. 
This paper summarizes the  r e s u l t s  of 
the  operation of th ree  absorption systems 
located i n  the  g r e a t e r  Dal l a s /F t .  Worth 
area. 
INTRODUCTION 
Lone S t a r  Gas Co. has i n i t i a t e d  a 
demonstration program t o  e v a l u a t e  the  
performance and economics of gas-f i red ,  
double-ef f e c t  absorpt ion c h i 1  l e r s / h e a t e r s  
f o r  Texas app l i ca t ions .  A l l  the  systems 
a r e  1 i thium bromide/water absorption 
systems. 
The lmdouble-ef f e c t "  opera t ion r e f e r s  
t o  a process by which a secondary quan t i ty  
of r e f r i g e r a n t  vapor is  generated without 
an ou t s ide  energy source. The double- 
e f f e c t  c h i l l e r  uses the l a t e n t  hea t  of the 
r e f r i g e r a t i o n  doubles the  e f f i c i e n c y  of the  
double-ef f e c  t absorpt ion c h i  1 l e r  over  t h a t  
of a conventional  s i n g l e - s  tage uni t .  Both 
the cooled primary vapor and the  newly 
formed vapor f low i n t o  t h e  condenser 
section.  Then the  r e f r i g e r a n t  vapor f lows 
i n t o  the  evaporator  s e c t i o n  where the  water 
evaporates,  absorbing t en  times p e r  u n i t  
mass than a ref r igerant-22 based vapor 
compression sys tem. 
A l l  of the  aborption c h i l l e r s  use 
modulated (o r  s t e p )  burner c o n t r o l  which 
means the  burners  can be  v a r i e d  from 
approximately 20% t o  100% of f u l l  capacity. 
This type of c o n t r o l  a l l o w s  the  c h i l l e r  t o  
b e t t e r  a d a p t  t o t h e b u i l d i n g  l o a d  i n  an  
e f f i c i e n t  manner. For ins tance ,  when the 
bu i ld ing  load l i g h t e n s ,  some bu i ld ing  fan 
c o i l s  t y p i c a l l y  c y c l e  off .  This reduces 
t h e  l o a d  on t h e  c h i l l e r .  T h e b u r n e r s  i n  
the  c h i l l e r  a d j u s t  t o  t h i s  reduced load by 
reducing t h e i r  f i r i n g  ra te .  The n e t  r e s u l t  
is a s u b s t a n t i a l  improvement i n  
performance. 
An important aspect  of the  economics of 
gas absorption c h i l l e r s  a r e  the  f u e l  c o s t s  
and maintenance cos ts .  I f  gas  absorpt ion 
systems a r e  going t o  pene t ra te  the  cool ing 
market i n  the  Southwestern U.S. they w i l l  
have t o  compete economically with e l e c t r i c  
vapor compression systems. Current ly ,  i n  
Texas, e l e c t r i c i t y  c o s t s  range from $15 t o  
$23 per  m i l l i o n  Btus, compared t o  
approximately $4 t o  $5 p e r  m i l l i o n  Btus f o r  
n a t u r a l  gas. In  addi t ion,  commercial and 
i n d u s t r i a l  customers must a l s o  pay a 
demand charge on top of the  e l e t r i c a l  
energy charge. Typical 1 y, these  range 
from $5 t o  $12 p e r  kw p e r  month. 
The b e s t  vapor compression systems 
have c o e f f i c i e n t s  of performance (COPS) 
from 3 t o  4. The doub le -e f fec t  gas  
absorpt ion c h i l l e r  has a COP of 
approximately 1.1. Based on f u e l  p r i c e s  
a lone,  the  absorpt ion c h i l l e r  would appeaf 
t o  economically compete wi th  the  b e s t  vapor 
compression systems. When the  e l e c t r i c a l  
demand charge i s  a l s o  included the  
absorpt ion c h i 1  l e r  should have an economic 
advantage. 
o r i g i n a l  r e f r i g e r a n t  vapor. The hot  vapor 
hea t s  the  in termedia te  l i th ium bromide Another p o t e n t i a l  advantage of the  
s o l u t i o n  i n  the  low temperature generator,  absorpt ion c h i l l e r  i s  the  maintenance. 
b o i l i n g  off  more r e f r i g e r a n t  vapor from tho Because 'ystems have fewer  
so lut ion.  This secondary genera t ion of the  moving parts than vapor 
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compression system, 
maintenance cos t s .  
p a r t s  on a  new gas- 
ta re  t h e  gas burner ,  
should have lower 1,985. The b a s i c  c h a r a c t e r i s t i c s  of t he  
The major  o p e r a t i n g  c h i l  l e r / h e a t e r  a r e  shown i n  Tab le  3. 
, f i r e d  abso rp t ion  c h i l l e r  
a  s o l u t i o n  pump, 
e l e c t r o n i c  pump, and two e x t e r n a l  water  
pumps f o r  t h e  c o o l i n g  tower and c h i l  l e d  
water .  
FIELD TEST INFORMATION 
A t o t a l  of t h r e e  c h i l l e r s  were 
i n s t a l  1 ed and monitored. The f i r s t  
i n s t a l l a t i o n  i s  a t  t h e  Metro Label  
Corporat ion i n  Garland,  Texas. A 50 ton  
abso rp t ion  c h i l  l e r  was i n s t a l  l e d  i n  August 
1984 t h a t  had t h e  c h a r a c t e r i s t i c s  shown 
i n  T a b l e  1. 
Table  1 - C h i l l e r  c h a r a c t e r i s t i c s  
f o r  t h e  Metro Label  Corpora t ion  l o c a t i o n -  
................................. 
Rat ing  Value 
................................. 
Gas Consumption 631 c f h  
E l e c t r i c  Consumption 2 kw 
Cooling Output 600 kbtu /h  
Heating Output 524 kbtu/h 
A u x i l i a r i e s :  
Cooling Tower 2 kw 
Fan C o i l s  (3) 5 kw 
Pumps ( 2 )  2 kw 
Make-up water  0.5 gpm 
The second i n s t a l  l a t i o n  was a t  t h e  
Lone S t a r  Gas Company o f f i c e  i n  Grand 
P ra i r e ,  Texas. The u n i t  was nomina l ly  
r a t e d  f o r  20 tons  of a i r  c o n d i t i o n i n g  and 
was i n s t a l  l e d  i n  1981. The c h a r a c t e r i s t i c s  
of t h e  c h i l l e r  and a u x i l i a r y  systems a r e  
shown i n  Tab le  2. 
Table 2 - C h i l l e r  c h a r a c t e r i s t i c s  f o r  t h e  Lone 
S t a r  Gas, Grand P r a i r e  Locat ion.  
................................. 
Rat ing  Value 
................................. 
Gas Consumption 253 c f h  
E l e c t r i c  Consumption 1 kw 
Cooling Output 240 kbtu /h  
Heat ing Output 210 kbtu /h  
A u x i l i a r i e s :  
Cooling Tower 1.5 kw 
Fan C o i l s  ( 3 )  2.5 kw 
Pumps (2 )  1 kw 
Make-up water  0.1 gpm 
................................ 
Table 3 - C h i l l e r  c h a r a c t e r i s t i c s  f o r  t h e  
Lone S t a r  Gas, D a l l a s  I n s t a l l a -  
t i o n .  
Rat ing  Value 
................................. 
Gas Consumption 4448 c f h  
E l e c t r i c  Consumption 9 kw 
Cooling Output 4140 kb tu /h  
Heating Output 4140 kbtu /h  
PERFORMANCE RESULTS 
Monthly gas,  e l e c t r i c a l ,  and wa te r  
usage and c o s t s  w e r e  c o l l e c t e d  f o r  each  
s i t e .  F igu re  1 and 2 show t h e  monthly gas  
and e l e c t r i c a l  usage i n  1984 f o r  t h e  
c h i l l e r  l o c a t e d  a t  t h e  Metro Label  
Corporat ion.  Gas usage is  h i g h e s t  du r ing  
t h e  summer months and peaked a t  98.5 MCF 
d u r i n g  August. Annual o p e r a t i o n a l  c o s t s  
from 1984 a r e  summarized i n  T a b l e  4. 
Table  4 - Annual o p e r a t i n g  usage  and c o s t s  
i n  1984 f o r  t h e  Metro Label 
Corpora t ion  Chi1 l e r .  
Gas 699.6 MCF $349 8 
E l e c t r i c i t y  26082 kwh $1901 
Water 259200 g a l  $ 372 
For t h e  c h i l  l e r  l o c a t e d  i n  t h e  Lone 
S t a r  Gas Company b u i l d i n g  i n  Grand P r a i r i e  
o n l y  s i x  months of  d a t a  w e r e  a v a i l a b l e  , 
f o r  May through October  of 1984. A s  
-w i th  t h e  Metro Label  l o c a t i o n ,  gas usage 
was h i g h  i n  August. T a b l e  5 summarizes 
t h e  s i x  months usage  f o r  t h i s  f a c i l i t y .  
The t h i r d  i n s t a l  l a t i o n  i s  i n  t h e  
D a l l a s  o f f i c e s  of Lone S t a r  G a s  Company. 
The u n i t  i s  n o m i n a l l y  r a t e d  f o r  345 t o n s  of  
coo l ing  and was i n s t a l  l e d  i n  l a t e  August of 
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Table  5 - O p e r a t i n g  usage  and c o s t s  f o r  May 
th rough  October  a t  t h e  Grand 
P r a i r i e  Lone S t a r  Gas O f f i c e .  
Gas 583 MCF $2015 
E l e c t r i c i t y  9084 kwh $ 573 
Water 17245 g a l  $ 48 
Because t h e  c h i l  l e r  a t  t h e  D a l l a s  
o f f  ice of  Lone S t a r  Gas was n o t  i n s t a l l e d  
u n t i l  l a t e  A u g u s t  o f  1 9 8 5 , w e h a v e n o t y e t  
accumula ted  a c o m p l e t e  y e a r ' s  w o r t h  o f  d a t a  
a t  t h e  w r i t i n g  o f  t h i s  paper .  However, 
usage  d a t a  a r e  a v a i l a b l e  from November, 
1985 th rough  May, 1986. These d a t a  a r e  
p r e s e n t e d  i n  T a b l e  6. 
Tab le  6 - O p e r a t i n g  u s a g e  and c o s t s  f o r  
November, 1985 th rough  May, 
1986 a t  t h e  D a l l a s  O f f i c e  of 
t h e  Lone S t a r  G a s  Company. 
......................................... 
I t e m  Usage Cos t  ( $ 1  
......................................... 
Gas 15521 MCF $48060 




For  g a s  a b o s r p t i o n  sys tems  t o  
e f f e c t i v e l y  compete i n  t h e  a i r  c o n d i t i o n i n g  
marke tp lace ,  t h e y  must,  a t  a minimum, b e  
a b l e  t o  p roduce  t h e  c o m f o r t  c o o l i n g  a t  a 
c o s t  comparab le  t o  o r  less t h a n  t h a t  
p r o v i d e d  by  e l e c t r i c a l  c o o l i n g .  To set u p  
a n  exper iment  t o  compare t h e  two 
a 1  t e r n a t i v e s ,  o n e  would want  to h a v e  two 
i d e n t i c a l  b u i l d i n g s  s ide-by-s ide  t h a t  were  
o p e r a t e d  i n  t h e  same manner. One b u i l d i n g  
would h a v e  t h e  a b s o r p t i o n  u n i t ,  w h i l e  t h e  
o t h e r  would h a v e  t h e  electical u n i t .  To d o  
t h i s  t y p e  o f  exper iment  r e q u i r e s  m o r e  
r e s o u r c e s  t h a n  were a1 l o c a t e d  f o r  t h i s  
d e m o n s t r a t i o n  p r o j e c t .  
A s  a n  a l t e r n a t i v e  t o  t h e  a b o v e  
exper iment ,  we e s t i m a t e d  t h e  e l e c t r i c a l  
c o o l i n g  performance based  on t h e  measured 
o p e r a t i o n a l  t i m e  of t h e  g a s  . c h i 1  lers. 
The o p e r a t i o n a l  t i m e  was e s t i m a t e d  u s i n g  
t h e  e q u i v a l e n t  f u l l - l o a d  f i r i n g  
hours(EFLFH) of t h e  c h i l l e r .  The EFLFH was 
e s t i m a t e d  b y  d i v i d i n g  t h e  month ly  g a s  u s a g e  
b y  t h e  r a t e d  c a p a c i t y  o f  t h e  c h i l l e r .  The 
EFLFH i s  a m e a s u r e  o f  t h e  t i m e  t h e  c h i l  l e r  
w o u l d  b e  o n  a t  f u l l  c a p a c i t y  f o r  t h e  
p a r t i c u l a r  month. An e l e c t r i c a l  c h i l l e r  of  
t h e  s a m e c a p a c i t y w o u l d h a v e t o r u n t h e  
same number o f  h o u r s  t o  meet t h e  l o a d  o n  
t h e  b u i l d i n g .  
The Metro L a b e l  C o r p o r a t i o n  had t h e  
£01 lowing  e l e c t r i c a l  r a t e s :  
Energy: $0.04/kwh 
Demand: $6.00/kw, Oct. 
t h r o u g h  March 
$7 .00/kw, Apr. 
th rough  Sept .  
Assuming e l e c t r i c a l  d i r e c t  e x p a n s i o n  u n i t s  
a r e  used,  t h e  month ly  e l e c t r i c a l  demand and 
e n e r g y  c o s t s  were  c a l c u l a t e d  and a r e  shown 
i n  Table 7. With t h e  e l e c t r i c a l  system,  
d e m a n d c a n b e  a v e r y  
T a b l e  7 - E s t i m a t e d  e l e c t r i c a l  demand 
and e n e r g y  c o s t s  f o r  a DX 
u n i t  a t  Metro Labe l .  
Month KW $ kwh $ T o t a l  $ 
............................................ 
J A N  100 600 7290 292 89 2 
FEB 81 486 12672 507 993 
MAR 62 372 6090 244 616 
APR 54 378 4212 168  546 
MAY 63 441 7560 302 743 
J U N  75 525 8550 342 867 
JUL 83 581 10541 422 1003 
AUG 83 581 12948 518 1098 
SEP 63 441 8253 330 77 1 
OCT 50 300 6256 250 550 
NOV 57 342 6325 273 615 
DEC 8 1  486 5760 230 716 
TOTAL $ 5533 3878 9411 
........................................... 
l a r g e  f r a c t i o n  of t h e  t o t a l  b i l l .  The 
c o s t s  f o r  t h e  e lect r ical  a i r  c o n d i t i o n i n g  
sys tem i n  t h i s  c a s e  i s  a b o u t  $3600 more t o  
o p e r a t e  t h a n  t h e  c h i l l e r  ($9411 v e r s u s  
$5771 1 .  
Another  comparison was made a t  t h e  
D a l l a s  Lone S t a r  Gas o f f i c e  b u i l d i n g  ( T a b l e  
8, 9, 10) .  Recall t h a t  t o t a l  c o s t s  f o r  t h e -  
g a s  c h i l l e r  were  $49,607. I f  a s i n g l e -  
s t a g e  a b s o r p t i o n  sys tem were  u s e d  r a t h e r  
t h a n  t h e  double -e f  f  ect  a b s o r p t i o n  c h i l  ler,  
t h e  e s t i m a t e d  o p e r a t i n g  c o s t s  f o r  November 
1985 th rough  1986 would b e  $87,811. T h i s  
assumes t h a t  g a s  c o s t s  are $3.10 p e r  MCF 
and e l e c t r i c a l  c o s t s  a r e  $0.049 p e r  kwh. 
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I f  an ' e l e c t r i c a l  c e n t r i f u g a l  c h i l  l e r  were 
used ins tead,  the  annual opera t ing c o s t s  
would be $46097.  Thus, the e l e c t r i c a l  
c h i l - l e r  would have comparable opera t ing 
c o s t s  t o  the double-ef f e c t  absorpt ion 
c h i l  l e r .  The D a l l a s  Lone S t a r  Gas of £ i c e  
app l i ca t ion  has a much l a r g e r  c h i l l e r  than 
does e i t h e r  of the  o t h e r  two appl  ica t ions .  
CONCLUSIONS 
In  comparing the  opera t ing c o s t  of 
a gas-f i red  double-effect  absorpt ion 
c h i l  l e r  t o  an e l e c t r i c  c h i l  l e r  the  
u t i l i t y  r a t e  is the  most c r i t i c a l  
fac tor .  High r a t e  vs. low r a t e  on 
e i t h e r  gas  o r  e l e c t r i c  u t i l i t i e s  make o r  
break a system's opera t ing cost .  Also 
found t o  be c r i t i c a l ,  i s  t h e  amount u n i t  
operation time pe r  month. Since the  
e l e c t r i c  demand charge is  based on the  
h ighest  15-minute period p e r  month, long 
hours produce a low average c o s t  whi le  
s h o r t  hours r e s u l t  i n  a high average 
c o s t  per  k i lowat t  hour. The break even 
p o i n t  i s  abou t  300 t o  3 5 0  f u l l  l o a d  
opera t ing hours p e r  month. Below t h i s  
value ,  sav ings  accrue t o  the  gas  
absorption c h i l l e r ,  above t h i s  v a l u e  
savings  accrue t o  the  e l e c t r i c  c h i l  l e r  
whi le  constant  long loads  f a v o r  the  
e l e c t r i c  c h i l l e r .  
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